Background: Microorganisms and contaminants, including food contaminants, can be difficult to distinguish in various cytologic specimens. Vegetable and fruit contaminants can be found in specimens from the gastrointestinal tract, as in anal Pap smears, or aspirated into the respiratory tract, as in bronchiolar-alveolar lavage. Some of these materials mimic microorganisms, normal human cells, and even malignant cells, making correct diagnosis of the cytology specimen a challenge. A catalogue of the cytologic appearance of these contaminants will increase awareness of these diagnostic stumbling blocks.
Introduction
It is important to recognize contaminants in cytologic specimens. These contaminants can be environmental exogenous materials, as well as food contaminants. In particular, Bronchiolealveolar Lavage (BAL) and anal Papanicolaou (PAP) smears may contain food contaminants that resemble pathogens. The vegetable and fruit contaminants can pose a diagnostic challenge by mimicking microorganisms, viral changes, or malignant cells. There are a few papers illustrating the basic characteristics of vegetable contaminants, but none has systematically described the morphology of fruits [1] [2] [3] [4] [5] [6] . In this paper, we describe some of the basic identifying characteristics of fruits and expand upon a more comprehensive list of vegetables. We also illustrate the morphologic resemblance of some of these cells to various normal cells, pathogenic microorganisms, or malignant cells. Our attempt is to generate a more comprehensive catalogue of food contaminants and to decrease diagnostic error in cytologic specimens.
Materials and Methods
Commonly available fresh fruits and vegetables were purchased, and a small amount of each uncooked fruit or vegetable was ground using mortal and pestle, to simulate chewing and partial digestion. The particles were smeared on glass slides. All smears were fixed immediately in 100% alcohol for Papanicolaou (PAP) stain or airdried for May-Grunswald-Giemsa (MGG). Vegetables used are listed as follows: artichoke, asparagus, baby corn, beet, broccoli, Brussels sprouts, cabbage, carrot, cauliflowers, celery, cuvumber, cilantro, corn, eggplant, fava beans, garlic, green onion, ginger, green beans, lettus, mint leaves, onion, mushroom, parsley, potato, radish, snow pea, sweet potato, and water chestnut. Fruits used are listed as follows: apple, banana, blueberry, date, grape, grapefruit, mango, orange, raspberry, strawberry, pineapple, pomegranate, and tomato.
Results
All vegetable cells contained nuclei, cytoplasm, and cell walls (Figures 1-13 ). All fruit cells contained nuclei and cytoplasm but lacked cell walls (Figures 14-18). Vegetable cells are invariably different from human cells due to the presence of cell walls in vegetables. Fruits cells are also different from human cells due to much larger size of cells. Although both vegetable and fruits cells are fairly easy to depict as foreign, some can mimic microorganisms, normal human cells, and even malignant cells under the right conditions, making correct diagnosis of the cytology specimen a challenge.
Vegetable cells can take on an epithelioid look of varying degrees of malignancy. For example, cells from asparagus are arranged in a single file, giving the appearance of invasive lobular breast carcinoma (Figures 2A and 2B) . The enlarged cells and abundant mucinousappearing juice of the tomato can look like mucinous adenocarcinoma.
Broccoli was found to have a vast repertoire of appearances: broccoli cells mimicked Trichomonas vaginalis (Figure 3A) , the viral inclusions of cytomegalovirus ( Figure 3B) , and even the enlarged Reed-Sternberg cells of Hodgkin lymphoma ( Figure 3C ).
Vegetables frequently looked like parasitic organisms. Microscopic features of the spiral vessels in celery and cucumber cells were reminiscent of nematode larvae (Figures 5B-5D ). Cells from ginger root and water chestnut looked similar to parasitic ova ( Figures 8C, 8D, 13C and 13D). Cells from cilantro resemble cross-sections of strongyloides larvae (Figures 6A and 6B) . Green beans have cell walls that break into shapes that look like Coccidioides fungal elements ( Figures 9A and 9B) . Cells from red bell pepper resemble toxoplasmosis ( Figures 12A and  12B ).
Not surprisingly, cells from mushrooms have a fungal appearance, particularly similar to Aspergillus ( Figures 10C and 10D ). Pineapple fibers do not look cellular or alive, but rather resemble gout or pseudogout crystals ( Figure 18A ).
Discussion
Cells of fruits and vegetables can appear very similar to animal cells in that they contain nuclei, nucleic acids, and cytoplasm. In addition, vegetable cells have cell walls. Plant nuclei frequently stain as dark, homogeneous shapes without internal structures such as distinct nucleoli. Many of them could be mistaken for overly stained malignant nuclei or dysplastic cells. While some of vegetable and fruit cells appear similar to human cells or microorganisms, there are some overall differences in morphologic features. Certain biological components are found within only plant matter. Plastids are cytoplasmic structures that have limiting membranes, and contain pigments used in photosynthesis.
Starch can be seen as grains occupying the majority of a cell. Spiral vessels, also called tracheae, are structures most clearly seen in certain vegetables such as celery and cucumber. The distinctive morphologic patterns of vegetable cells such as spiral vessels, plastids, starch, and cell wall makes it possible to identify these mimickers of human pathologic processes.
The morphologic pattern for fruit cells includes the variable lack of cell wall, larger cells, amorphous cell shapes, and sometimes spiral vessels. These characteristics differentiate fruit and vegetable contaminants from human cells. Most of fruit cells such as tomatoes are much larger in size, incompatible with adjacent human cells. This is the first comprehensive paper illustrating and describing fruits and vegetable cells based on cytological evaluation. We have described some basic identifying characteristics of plant matter, and illustrated the morphologic resemblance of some of these cells with various pathogenic microorganisms, viral changes, and benign and malignant cells. This comprehensive catalogue of food contaminants is intended to help decrease the diagnostic error in cytologic specimens.
